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Adaptive Optics: 

• Corrects for the image degradation due to the 
atmosphere. 

• This is done by combining a fast wavefront sensor(s) 
with a fast deformable mirror(s). 

• It allows large telescopes (> r0 ~ 10 cm) to achieve 
the diffraction limit. 

• For seeing limited telescopes, signal-to-noise goes as 
the diameter squared (D2). 

• For diffraction limited telescopes (i.e. AO), signal-to-
noise goes as D4! 

• There are many different types of AO available 
depending on your science case.
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How does adaptive optics help? 
(cartoon approximation)

Measure details of 
blurring from “guide 
star” near the 
object you want to 
observe

Calculate (on a 
computer) the shape 
to apply to 
deformable mirror to 
correct blurring

Light from both guide 
star and astronomical 
object is reflected from 
deformable mirror; 
distortions are removed 

Credit: Claire E. Max, UCSC
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Schematic of adaptive optics system

Feedback loop: 
next cycle 

corrects the 
(small) errors of 

the last cycle

Credit: Claire E. Max, UCSC
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Adaptive optics increases peak 
intensity of a point source

Lick 
Observatory

No AO With AO

No AO With AO

Intensity

Credit: Claire E. Max, UCSC



ASTR 289 6

AO produces point spread functions with a “core” and “halo”

• When AO system performs well, more energy in core 

• When AO system is stressed (poor seeing), halo contains larger 
fraction of energy (diameter ~ r0) 

• Ratio between core and halo varies during night

In
te

ns
ity

x

Definition of “Strehl”:
Ratio of peak intensity to 
that of “perfect” optical 

system

Credit: Claire E. Max, UCSC



Incident wavefront Shape of 
Deformable Mirror Corrected wavefront

Credit: J. Lloyd

Log (intensity)Log (intensity)

Credit: Claire E. Max, UCSC



Credit: Claire E. Max, UCSCCredit: J. Lloyd
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Neptune at 1.6 µm: Keck AO exceeds 
resolution of Hubble Space Telescope

HST – NICMOS                 Keck AO

(Two different dates and times)

2.4 meter telescope 10 meter telescope

~ 2 arc sec

Credit: Claire E. Max, UCSC
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Uranus with Hubble Space Telescope 
and Keck AO

HST, Visible Keck AO, IR

L. Sromovsky

Lesson: Keck in near IR has ~ same resolution as Hubble in visible

Credit: Claire E. Max, UCSC



Adaptive Optics 

• Atmospheric Turbulence 
• Sensing the wave front 
• Correcting the wave front 
• Laser Guide Stars 
• Other types of AO systems
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Turbulence arises in many places

stratosphere

tropopause

Heat sources w/in dome

boundary layer
~ 1 km

10-12 km

wind flow over dome

Credit: Claire E. Max, UCSC
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Turbulence arises from wind flowing over 
the telescope dome

Computational fluid dynamics simulation (D. de Young) 

Top view Side view

Wind

Credit: Claire E. Max, UCSC
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Sometimes clouds show great Kelvin-
Helmholtz vortex patterns

A clear sign of wind shear

Credit: Claire E. Max, UCSC
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Plane Wave Distorted 
Wavefront

Atmospheric  perturbations cause distorted wavefronts

Index of refraction
 variations

Rays not parallel

Credit: Claire E. Max, UCSC
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Optical consequences of turbulence

• Temperature fluctuations in small patches of air cause 
changes in index of refraction (like many little lenses) 

• Light rays are refracted many times (by small amounts)   

• When they reach telescope they are no longer parallel 

• Hence rays can’t be focused to a point:

Parallel light rays Light rays affected by turbulence

Blur
Point 
focus

Credit: Claire E. Max, UCSC
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Imaging through a perfect telescope

With no turbulence,    FWHM  
is diffraction limit of 
telescope,  θ ~  λ / D 

Example:   

 λ  / D = 0.02 arc sec for     
 λ  = 1 µm, D = 10 m 

With turbulence, image size 
gets much larger (typically 
0.5 - 2 arc sec)

FWHM ~λ/D

in units of λ/D

1.22 λ/D

Point Spread Function (PSF):  
intensity profile from point source

Credit: Claire E. Max, UCSC
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Characterize turbulence strength 
by quantity r0

•  “Coherence Length” r0 : distance over which optical 
phase distortion has mean square value of 1 rad2          (r0 
~ 15 - 30 cm at good observing sites) 

• r0 = 10 cm ⎝ FWHM = 1 arc sec  at  λ = 0.5  µm

Primary mirror of telescope

r0 “Fried’s parameter”

Wavefront 
of light

Credit: Claire E. Max, UCSC
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Effect of turbulence on image size

• If telescope diameter D >> r0 , image size of a point 
source is     λ / r0  >>  λ / D 

• r0  is diameter of the circular pupil for which the 
diffraction limited image and the seeing limited image 
have the same angular resolution.   

• Any telescope with diameter D > r0  has no better spatial 
resolution than a telescope for which D = r0   (!)

λ / r0

“seeing disk”
λ / D

Credit: Claire E. Max, UCSC



Adaptive Optics 

• Atmospheric Turbulence 
• Sensing the wave front 
• Correcting the wave front 
• Laser Guide Stars 
• Other types of AO systems
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How to measure turbulent distortions (one 
method among many)

Shack-Hartmann wavefront sensor
Credit: Claire E. Max, UCSC
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Shack-Hartmann wavefront sensor concept 
- measure subaperture tilts

CCD CCD

f

Pupil plane Image plane

Credit:  
A. Tokovinin

Credit: Claire E. Max, UCSC
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Example: Shack-Hartmann Wavefront 
Signals

Credit: Cyril Cavadore Credit: Claire E. Max, UCSC
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Notional Shack-Hartmann Sensor spots

Credit: Boston Micromachines

Credit: Claire E. Max, UCSC
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Example: Keck adaptive optics system

• Telescope diameter D = 10 m,  
M = 2800 ⇒ size of whole lenslet array = 

10/2800 m = 3.57 x 10-3 m = 3.57mm 

• Lenslet array is approx. 18 x 18 lenslets ⇒ 

each lenslet is ~ 200 microns in diameter 

✓ Sanity check: size of subaperture on 
telescope mirror = lenslet diameter x 
magnification = 200 microns x 2800 = 56 
cm ~ r0 for wavelength λ between 1 and 2 
microns 

Some examples 
of micro-

lenslet arrays

Credit: Claire E. Max, UCSC
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Practical implementation of curvature 
sensing

• Use oscillating membrane mirror (2 kHz!) to vibrate rapidly 
between   I+  and  I-  extrafocal positions 

• Measure intensity in each subaperture with an “avalanche 
photodiode” (only need one per subaperture!) 
– Detects individual photons, no read noise, QE ~ 60% 
– Can read out very fast with no noise penalty

More intense Less intense

Credit: Claire E. Max, UCSC
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Pyramid sensing 

• From Andrei Tokovinin’s tutorial

Pupil planeImage plane

Credit: Claire E. Max, UCSC
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Pyramid for the William Herschel 
Telescope’s AO system

Credit: Claire E. Max, UCSC
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Schematic of pyramid sensor

Credit: Iuliia Shatokhina et al.
Credit: Claire E. Max, UCSC
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Pyramid sensor reverses order of 
operations in a Shack-Hartmann sensor

Credit: Claire E. Max, UCSC
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Potential advantages of pyramid 
wavefront sensors

• Wavefront measurement error can be much lower 
– Shack-Hartmann: size of spot limited to λ / d, where d is size of a sub-aperture 

and usually d ~ r0 

– Pyramid: size of spot can be as small as λ / D, where D is size of whole 
telescope.  So spot can be D/r0 = 20 - 100 times smaller than for Shack-Hartmann 

– Measurement error (e.g. centroiding) is proportional to spot size/SNR.  Smaller 
spot = lower error. 

• Avoids bad effects of charge diffusion in CCD detectors 
– Fuzzes out edges of pixels.  Pyramid doesn’t mind as much as S-H.  

Credit: Claire E. Max, UCSC



32

Summary of main points

• Wavefront sensors in common use for astronomy measure 
intensity variations, deduce phase. Complementary. 
– Shack-Hartmann 
– Curvature sensors 

• Curvature systems: cheaper, fewer degrees of freedom, 
scale more poorly to high no. of degrees of freedom, but 
can use fainter guide stars  

• Shack-Hartmann systems excel at very large no. of degrees 
of freedom 

• New kid on the block: pyramid sensors 
– Very successful for fainter natural guide stars

Credit: Claire E. Max, UCSC
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• Atmospheric Turbulence 
• Sensing the wave front 
• Correcting the wave front 
• Laser Guide Stars 
• Other types of AO systems
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How a deformable mirror works 
(idealization)

BEFORE AFTER

Incoming 
Wave with 
Aberration

Deformable 
Mirror

Corrected 
Wavefront

Credit: Claire E. Max, UCSC



Deformable Mirror for Real Wavefronts

Credit: Claire E. Max, UCSC
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Real deformable mirrors have 
smooth surfaces

• In practice, a small deformable mirror with a 
thin bendable face sheet is used

• Placed after the main telescope mirror

Credit: Claire E. Max, UCSC
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Deformable mirrors come in many sizes

30 cm

MEMS  
1000 actuators

1 cm

Glass facesheet  
1000 actuators

Adaptive 
Secondary 

Mirrors

Xinetics

U Arizona

Boston  
Micro- 

Machines

Credit: Claire E. Max, UCSC









Altair Hubble

Seeing limited
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Laser guide stars: Main points

• Laser guide stars are needed because there aren’t enough bright 
natural guide stars in the sky 
– Hence YOUR favorite galaxy probably won’t have a bright enough 

natural guide star nearby 

• Solution: make your own guide star using lasers 
– Nothing special about coherent light - could use a flashlight 

hanging from a “giant high-altitude helicopter” 
– Size on sky has to be ≲ diffraction limit of a WFS sub-aperture 

• Laser guide stars have pluses and minuses: 
– Pluses: can put them anywhere, can be bright 
– Minuses: NGS give better AO performance than LGS even when 

both are working perfectly.   High-powered lasers are tricky to 
build and work with.  Laser safety is added complication.

Credit: Claire E. Max, UCSC
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If there’s no close-by “real” star, 
create one with a laser

• Use a laser beam to 
create artificial “star” 
at altitude of 100 km 
in atmosphere

Credit: Claire E. Max, UCSC
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Laser guide stars are operating at Lick, 
Keck, Gemini N & S, VLT, Subaru, …

Four lasers on Mauna Kea: Keck 1 and 2, Gemini, Subaru telescopes

Credit: Claire E. Max, UCSC



https://vimeo.com/75542539
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Keck laser guide star AO Best natural guide star AO

Galactic Center with Keck laser guide star
(GC is location of supermassive black hole)

Source: UCLA Galactic Center group
Credit: Claire E. Max, UCSC
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Two types of laser guide stars in use today: 
“Rayleigh” and “Sodium”

• Sodium guide stars: excite 
atoms in “sodium layer” at 
altitude of ~ 95 km 

• Rayleigh guide stars: Rayleigh 
scattering from air molecules 
sends light back into 
telescope, h ~ 10 km 

• Higher altitude of sodium 
layer is closer to sampling 
the same turbulence that a 
star from “infinity” passes 
through

Telescope

Turbulence

8-12 km

~ 95 km

Credit: Claire E. Max, UCSC
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Reasons why laser guide stars can’t do as 
well as bright natural guide stars

1)  Laser light is spread out by turbulence on the way up. 
– Spot size is finite (0.5 - 2 arc sec) 
– Can increase measurement error of wavefront sensor 

» Harder to find centroid if spot is larger 

2) For Rayleigh guide stars, some turbulence is above altitude 
where light is scattered back to telescope.   

- Hence it can’t be measured. 

3) For both kinds of guide stars, light coming back to telescope is 
spherical wave, but light from “real” stars is plane wave 
– Some turbulence around edges of the pupil isn’t sampled well

Credit: Claire E. Max, UCSC
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Laser beacon geometry causes 
measurement errors 

Credit: Hardy

Credit: Claire E. Max, UCSC
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If we can only use guide stars closer than ~ 
40 arc sec, sky coverage is low!

• High-order Shack-Hartmann AO systems typically need 
guide stars brighter than magnitude V ~ 13.5  
[V band: central wavelength ~ 0.54 µm] 

• Surface density of these stars on the sky is                    Σ 
~ 10-5 / (arc sec)2 

• So probability P of finding bright enough guide star w/in 
radius of 40 arc sec of an arbitrary place in the sky is  

P = Σ π (40)2 = 10-5 π (40)2 = 0.05 

• Magnitude V ~ 13.5 stars only have 5% sky coverage!

Credit: Claire E. Max, UCSC
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Sky coverage for curvature sensing AO 
system

• Can use fainter guide 
stars, sometimes at 
expense of lower Strehl 
ratio 

• Graph trades off guide 
star brightness with 
distance from guide star

Credit: Claire E. Max, UCSC
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Solution: make your own guide star using a 
laser beam

• Point the laser beam directly at YOUR favorite 
astronomical target 

• Use scattering of laser light by the atmosphere to create 
an “artificial” guide star 
– Sometimes called “synthetic beacon” or “artificial 

beacon” 

• What physical mechanism causes the laser light to 
scatter back down into your telescope’s wavefront 
sensor?

Credit: Claire E. Max, UCSC
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Scattering: 2 different physical processes 

• Rayleigh Scattering (Rayleigh beacon) 
– Elastic scattering from atoms or molecules in 

atmosphere.  Works for broadband light, no change 
in frequency 

• Resonance Scattering (Sodium Beacon) 
– Line radiation is absorbed and emitted with no 

change in frequency.

Credit: Claire E. Max, UCSC
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Rayleigh laser guide stars

• LBT ARGOS  
laser guide star  

• Starfire Optical 
Range, NM.  
Quite a few years 
ago.

MMT laser guide 
star, Arizona

Robo-AO  
UV laser

Credit: Claire E. Max, UCSC
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 Sodium Resonance Fluorescence

• Resonance scattering occurs when incident laser is 
tuned to a specific atomic transition. 

• Absorbed photon raises atom to excited state.  Atom 
emits photon of same wavelength via spontaneous or 
stimulated emission, returning to original lower state. 

• Large absorption and scattering cross-sections. 

• Layer in mesosphere ( h ~ 95 km, Δh ~ 10 km) 
containing alkali metals, sodium (103 - 104 atoms/cm3), 
potassium, calcium  

• Strongest laser return is from D2 line of Na at 589 nm.

Credit: Claire E. Max, UCSC
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Rayleigh scattering vs. sodium resonance 
fluorescence

• M = molecular mass, n = no. 
density, T = temperature, k = 
Planck’s constant, g = 
gravitational acceleration  

• Rayleigh scattering dominates 
over sodium fluorescence 
scattering below h = 75 km.

•   Atmosphere has ~ exponential density profile:

Cartoon
 
 −∇(nkT ) = nMg⇒ n(z) = no exp- Mg z

kT
⎛
⎝⎜

⎞
⎠⎟

Credit: Claire E. Max, UCSC



73Credit: Claire E. Max, UCSC
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Toptica fiber laser (ESO, Keck 2)

Fiber 
laser Electronics 

and cooling

Credit: Claire E. Max, UCSC
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Advantages of fiber lasers

• Very compact 

• Commercial parts from telecommunications industry 

• Efficient:  
– Pump with laser diodes - high efficiency 
– Pump fiber all along its length - excellent surface to 

volume ratio 

• Two types of fiber lasers have been demonstrated at the 
required power levels at 589 nm (Toptica in Europe, Jay 
Dawson at LLNL)

Credit: Claire E. Max, UCSC
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Sky coverage is determined by distribution 
of (faint) tip-tilt stars

• Keck: >18th magnitude

1

0

271 degrees of freedom
5 W cw laser

Galactic latitude = 90°
Galactic latitude = 30°

From Keck AO book

Credit: Claire E. Max, UCSC
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“Cone effect” or “focal anisoplanatism”  
for laser guide stars

• Two contributions:  

– Unsensed turbulence above 
height of guide star 

– Geometrical effect of 
unsampled turbulence at 
edge of pupil

from A. TokovininCredit: Claire E. Max, UCSC





Adaptive Optics 

• Atmospheric Turbulence 
• Sensing the wave front 
• Correcting the wave front 
• Laser Guide Stars 
• Other types of AO systems



AO Flavor Capabilities Science Instrument

Extreme Very High Contrast, 
Tiny Field

Exoplanets GPI

Multiconjugate Moderate Contrast, 
Wide Field

Galactic, 
Extragalactic GeMS

Laser Single 
Conjugate

Moderate Contrast, 
Moderate Field All Altair

Multi Object High Contrast, 
Multiple Locations

Galactic, 
Extragalactic RAVEN

Ground Layer Low Contrast, 
Widest Field, All Sky All ARGOS



83Credit: Claire E. Max, UCSC
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Conventional AO limited by scattered light
Strehl ratio S

Halo intensity 1-S

Credit: Claire E. Max, UCSC
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“Extreme” AO (ExAO)

 gain > S/(1-S)

Credit: Claire E. Max, UCSC
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Cartoon of Lyot Coronagraph

Credit: Subaru website
Credit: Claire E. Max, UCSC
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Schematic of Gemini Planet Imager

Credit: Claire E. Max, UCSC
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Comparison of original Keck AO  
and GPI AO parameters

Keck AO (1999) GPI  (2010)

Deformable mirror 349 actuators
(240 active)

4096 actuators
(1809 active)

Subaperture 56 cm 18 cm

Control rate 670 Hz 2000 Hz

Wavefront sensor Shack-Hartmann
400 – 1000 nm

Spatially-filtered 
Shack-Hartmann
700-900 nm

Strehl @ 1.65 µm 40% > 90%

Guide star mag 
(NGS only)

R < 13.5 mag. I < 9 mag.
 ( V < 11)

Credit: Claire E. Max, UCSC



GPI Integral field spectrograph  
(James Larkin, UCLA)

Detector
Lenslet Array

Collimator Optics Camera Optics

Focal Plane

Pupil  Plane

Rotating Cold

Pupil Stop

Filters

R.I. Telephoto

Camera

Lenslet

Spectrograph

Collimated light

from Coronagraph

Prism

Window

Low spectral resolution (R~50)

High spatial resolution (0.014 arcsec)

Wide field of view (3x3 arcsec)

Minimal scattered light

Credit: Claire E. Max, UCSC
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Data pipeline assembles cubes:  
image of planet as function of wavelength

Christian Marois, HIACredit: Claire E. Max, UCSC
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GPI mechanical design 

GPI enclosure

Electronics

Gemini Cassegrain support 

structure

Optics structure

Credit: Claire E. Max, UCSC
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Beta Pictoris b: a planet within a disk

Credit: Claire E. Max, UCSC
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51 Eri b: from GPI (Macintosh et al. 2015)

Credit: Claire E. Max, UCSC



Current AO Capabilities - GPI

HR4796A







GeMS Laser Constellation

Jan 22, 2011







Adaptive Optics: 

• Corrects for the image degradation due to the 
atmosphere. 

• This is done by combining a fast wavefront sensor(s) 
with a fast deformable mirror(s). 

• It allows large telescopes (> r0 ~ 10 cm) to achieve 
the diffraction limit. 

• For seeing limited telescopes, signal-to-noise goes as 
the diameter squared (D2). 

• For diffraction limited telescopes (i.e. AO), signal-to-
noise goes as D4! 

• There are many different types of AO available 
depending on your science case.









104

Directly imaged planets: HR 8799 System

Marois and 
colleagues,  
Gemini and Keck

Credit: Claire E. Max, UCSC
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First images of an extrasolar planetary 
system (Keck and Gemini AO)

Marois et al. 2008 Science Mag

Credit: Claire E. Max, UCSC
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Image processing to suppress light from 
host star 

Marois et al.

Credit: Claire E. Max, UCSC



107

Image 1 Image 2 (+ 5 minutes)

Subtraction

Angular Differential Imaging

Marois et al 2006

Credit: Claire E. Max, UCSC
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+

Credit: Claire E. Max, UCSC
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+ =

Credit: Claire E. Max, UCSC



















http://www.gemini.edu/sciops/instruments/gems/mcao-
nutshell

http://www.gemini.edu/sciops/instruments/gems/
introduction-gems







Simulated Data





Real Data

peak scaling linear



Real Data

peak scaling log



Field Lens

45 arcseconds (~900 pixels at f/14)



Rapid Target of 
Opportunity Laser 

Transponder-Based Aircraft Detection (TBAD)



M2 Print-Through



Fig. 1. The original Altair LGS system sky coverage as a function of galactic latitude using the onboard

STRAP NGS WFS (black) and LGS+P1 sky coverage (red). The LGS+P1 mode offers greatly enhanced

sky coverage, but as described in the text, reduced image quality. For targets near the galactic plane,

the existing system is preferred due to high NGS star availability and increased performance. Near the

galactic pole, many more targets are available using the LGS+P1 mode.

of the Altair LGS WFS. We also tested P1 sending the tip/tilt corrections directly to the Altair

tip/tilt mirror. However, loop functionality was not stable in this configuration because it was
not truly a closed loop feedback system. P1 is before Altair in the optical light path, and thus if
P1 feeds the Altair tip/tilt mirror, corrections are sent by P1 that are applied to the science beam

but are not immediately seen by P1. Repeated tip/tilt corrections applied to the Altair tip/tilt
mirror are eventually offloaded to M2, but the bandwidth of this offload was not great enough
to create a stable loop system using Altair+P1. Therefore, all P1 tip/tilt corrections are applied

directly to M2.

Although the LGS+P1 mode offers nearly all-sky availability, there is significant perfor-

mance degradation over the original LGS mode using Altair’s onboard avalanche photo diode
based tip/tilt sensor (STRAP). This is primarily due to the effect of tilt-anisoplanatism, where

the tip/tilt produced by the atmosphere isoplanatic patch near the P1 NGS star is different from
that of the science target due to the large (5 – 7 arcmin) distance between the science and P1
targets. Although generally the LGS+STRAP will produce better image quality, this is only if a

star is available near (25 arcsec) the science target. In the absence of a STRAP star, the LGS+P1

3

Altair Sky 
Coverage

95%

LGS
and

LGS+P1 
“super-seeing” 

mode

0.2” in K in 
70%-ile seeing
(0.55” natural)















GeMS Commissioning 
March - May 2011



GeMS: What is it?

• GeMS = Gemini MCAO System

• MCAO = Multi-Conjugate Adaptive Optics

• GeMS = Laser + BTO + LLT + GSAOI + Canopus

• GSAOI = Gemini Adaptive Optics Imager

• Canopus = the Adaptive Optics system itself

• Extensive Canopus Documents are at 
http://myst.cl.gemini.edu/twiki/bin/view/MCAO/WebHome



Meet GSAOI

• GSAOI is the science camera for GeMS

• Consists of four 2k x 2k chips in a square

• Provides a 85” x 85” field of view with a plate 
scale of 20 mas / pixel

• Designed to Receive the f/32 output from 
Canopus, not the f/16 beam from the telescope!

• There are 4 On Detector Guide Windows 
(ODGW) that can act as Tip/Tilt Guide Stars 
(TTGS)





Meet Canopus

• Canopus is the Adaptive Optics instrument itself

• Canopus sits on the AO port just like Altair and 
uses the AO fold just like Altair, except that it 
delivers an f/32 beam, not an f/16 beam

• Canopus has 3 Deformable Mirrors (DMs).

• The DMs are conjugated to 0 km (240 
actuators), 4.5 km (324 actuators), 9 km (120 
actuators).  This is the Multiconjugate part.

• There is one Tip/Tilt Mirror (TTM) and one Slow 
Focus Sensor (SFS), similar to Altair



Meet Canopus

• Canopus has 3 Pyramid style Tip Tilt Guide Star 
WaveFront Sensors (TTGS WFS)

Image credit: Dr. Andrei A. Tokovinin
http://www.davincisworld.com/Light/AOtutorial.htm



Meet Canopus

• Two of the WFS (c1 and c2) positioners ride on 
the third WFS (c3).  Why?



Meet the Commissioning Team

• AO: François, Benoit, Jean-Pierre Veran (HIA), Brent Ellerbroek (TMT), 
Damien Gratadour (Paris/Meudon)

• SysEng: Gelys

• SW: Matthieu, Javier, Cristian Urrutia

• Laser/BTO: Maxime, Celine, Vincent, Tomislav, Sarah Diggs, Claudio Marchant

• SSAs: Ariel, Andrew, Eduardo, Tony

• GSAOI: Michelle, Rodrigo, Peter McGregor, Peter Young, J. Van

• Spotters: Rodrigo Balladares, Carlos Segura, Camila Duran, Eric Petit, P. Veliz

• Electronics: Vanessa Montes, Ramon Galvez, Eduardo Tapia

• Others: Markus, Callie, Chris Morrison, Bryan Miller, Nancy, Doug, Gustavo, 
Felipe Colazo, Lucia, John Michael Plaza

• Astronomer: Me

• And many, many others (this is not a complete list)!



Meet the Comissioning Team

Jan 2011



Meet the Commissioning Team

April 22, 2011 (last night of run)



GeMS WFSs
• There are more GeMS WFSs that will be used for science 

operations than currently in all the other instrumentation at 
Gemini North and South combined!

• GeMS (13)

• Canopus: 5 Laser, 3 TTGS, 1 SFS

• GSAOI: 4 ODGW

• GN (6)

• Altair (4): NGS, LGS, SFO, STRAP; P2 (1); GMOS OIWFS (1)

• GS (4)

• NICI NGS (1), P1 (1), P2 (1), GMOS OIWFS (1)

• Not currently used for science (4)

• HRWFS (2), NIRI OWFS (1), NIFS OIWFS (1), GNIRS OIWFS (1)

• What does this mean?  Probe Mapping!



GeMS Operations

• “Mascot” is a user tool for finding guide stars



GeMS Operations
• Once your field is selected, Observing Tool (OT) 

setup is next

• The OT interface is very good

• Canopus TTGS patrol region is updated based 
on offset iterators and Position Angle

• Canopus TTGS complexity will be properly 
handled in terms of orientation and c1/2 riding 
on c3 (minor issues remain in size of patrol 
region)

• GSAOI chips are correctly labelled and 
oriented

• GSAOI ODGWs and Canopus TTGS are 
handled in a similar way to guide star selection 



GeMS Operations
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• Slew to target

• Check Laser Clearing House (LCH) clearance

• Check for clearance from aircraft spotters

• There are many aircraft at GS!

• Propagate lasers (5 x 10 Watts)

• Roughly put lasers in correct position using the 
AC

• This step is harder at GS because of Rayleigh
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• Center the Lasers on the LGS WFSs using 
fratricide



GeMS Operations

• What is fratricide?

• From the MCAO blog (Benoit)

• Wang et al. JOSAA 2010: "When the laser beam passes through the 
atmosphere, it will experience scattering and absorption that 
reduce its intensity as it propagates through the medium. Some 
fraction of the light lost due to scattering will be back scattered in 
the direction of the transmitter. In a LGS MCAO system [...], a 
fraction of the back-scattered light from each of the laser beams 
ends up being collected by WFSs observing the other LGSs. This 
effect is generally referred to as the fratricide effect. The fratricide 
effect is prominent mostly for MCAO systems that launch all the 
laser beams from near the center of the primary mirror (e.g., 
behind the secondary mirror). The effect is also stronger at higher 
zenith angles."
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• What is fratricide?
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• Close the Laser loops and activate the 3 DMs

• Put NGS star on CR center, swap off-axis (f/32)

• Setup TTGS WFSs

• Canopus TTGS

• Read out c3 and center it on star

• Put c1 and c2 into astrometric mode and close loops

• c1 and c2 are allowed to move independently to center 
on the guide stars (catalog inaccuracies)

• The TTGS constellation defines the plate scale(!)

• GSAOI ODGWs haven’t been tested yet
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• Myst spiral search tool makes finding stars much 

easier — start with c3
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• Now, put c1 and c2 into astrometric mode and 

find the guide stars
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• After this, close loops with SFS (nearly identical to 
the SFO), wait for it to converge and take data 
with the seqexec!
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• What do you do with GeMS?

• Photometry of any spatially resolved region bright 
in the IR

• Galactic Center, Magellanic Clouds

• Star Forming Regions

• Shock Regions, Young Stellar Objects

• Globular Clusters

• Galaxy Clusters

• Jupiter?  Saturn?

• ACS WFC has a field of view of 202”.  GSAOI has 
a field of view of 85” and better angular resolution.


